ABSTRACT
INTRODUCTION
In the last decade, there are many researchers doing research on code over finite rings. In particular, codes over Z 4 received much attention [1, 2, 3, 7, 9, 13, 14] . The covering radius of binary linear codes were studied [4, 5] . Recently the covering radius of codes over Z 4 has been investigated with respect to chinese euclidean distances [10] . In 1999, Sole et al gave many upper and lower bounds on the covering radius of a code over Z 4 with chinese euclidean distances. In [12] , the covering radius of some particular codes over Z 4 have been investigated. In this correspondence, we consider the ring Z 4 . In this paper, we investigate the covering radius of the Simplex codes of both types and MacDonald codes and repetition codes over Z 4 . We also generalized some of the known bounds in [1] .
A linear code C of length n over Z 4 is an additive subgroup of n Z 4 . An element of C is called a codeword of C and a generator matrix of C is a matrix whose rows generate C. In [10] is defined by φ(x + 2y) = (y, x + y), for all x + 2y ∈ Z 4 . The image φ(C), of a linear code C over Z 4 of length n by the Gray map, is a binary code of length 2n with same cardinality [13] . In this paper, we define the covering radius of codes over Z 4 with respect to chinese euclidean distance and in particular study the covering radius of Simplex codes of type α and type β namely, 
COVERING RADIUS OF REPETITION CODES
A q-ary repetition code C over a finite field F q = {α 0 = 0, [11] . Using this, it can be seen easily that the covering radius of block of size n repetition code [n(q-1),1,n(q-1)] generated by
since it will be equivalent to a repetition code of length (q − 1)n. 
The following result determines the covering radius with respect to chinese euclidean distance.
Thus, by definition of covering radius r CE ( . This implies d CE (x, C β ) = min{ n -ω 0 + ω 1 + 3 ω 2+ ω 3, n -ω 1 + ω 0 +ω 2+ 3 ω 3, n -ω 2 +3 ω 1 +ω 3 , n -ω 3 + 3ω 1 +ω 0+ ω 2 }  2n and hence r CE (C β )  2n .
To show that r CE (C β )  2n, let . We have following theorem 
where
For details the reader is refered to [2] . Type α code with minimum chinese euclidean weight is 8. 
Proof. By equation 4. 3, Proposition 2. 5 and Theorem 3. 4, we get
MACDONALD CODES CODES OF TYPE Α AND  OVER Z 4
The q-ary MacDonald code ) ( , q M t k over the finite field F q is a unique
code in which every non-zero codeword has weight either [8] . In [11] , he studied the covering radius of MacDonald codes over a finite field. In fact, he has given many exact values for smaller dimension. In [6] , authors have defined the MacDonald codes over a ring using the generator matrices of simplex codes. 
